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Project Overview
To transition to sustainable energy sources, it is necessary to
develop energy storage technologies. In the Solar Energy Research
Facility, we study chemical processes that store energy from
concentrated sunlight. We utilize a process which transforms water
into Hydrogen. The process is driven by heat from concentrated
sunlight and uses the cyclic reduction and oxidation of Cobalt Oxide
to remove oxygen from the water. The Cobalt Oxide allows us to
store energy during the reduction step and releases it to produce
hydrogen in the oxidation step. While the reduction step of the
cycle may ultimately be carried out in a solar reactor, we created a
benchtop apparatus to study the reduction and oxidation
processes. We can perform the same reduction step as we would in
the solar furnace, but it’s weather independent and we are free to
run longer experiments. We send the compressed air into the inlet
and cycle it through the packed Cobalt Oxide powder into a packed
bed and cycle Cobalt Oxide between reduced CoO and oxidized
Co3O4.

Oxidation and Reduction Processes

•

We developed 3D printed components
that hold the 3 and 5 pin WAGO
connectors and interfaces with the 10
series T-Slot. In our system, the wall
power goes to the connectors and
breaks out to the N, L, and ground
wires.
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Machined Elements

We machined custom components of
the setup that we were unavailable for
direct purchase. We used various
machines in the manufacturing lab, such
as the CNC mill, vertical mill, horizontal
band saw, CO2 laser cutter and various
hand tools. As we machined each part,
we documented each step in detail so
that it could be accurately repeated.
Finally, we assembled all the documents
in a spreadsheet.
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Specifications
Furnace Max Temp: 1100 °C
Heating and Cooling of Furnace: 20 minutes to heat from 25 °C to 1000 °C,
24 minutes to cool-down from 1000 °C to 300 °C
Exterior Temperature: 200 °C @ 1100 °C Interior
Max Power Consumption: 1200 W @ 120 V
Weight: T-Slot stand weighs 11 lbs, furnace weighs 15 lbs
Dimensions: 25.5” x 25.5” x 21.25”

Tube Connections

We used 1/8” Stainless Steel tubing to
route the compressed air throughout
the system. Then, we used various
Swagelok fittings to go from the tube
into the elements of the system. Some
of the connections required Teflon tape
to create an extra tight seal. The system
can hold pressure at 40 psi without
leaking.
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Packed Bed

Solenoid Valves

MFC Warmup Time: 30-60 min
MFC Max and Min Flow Rate: 2000 sccm MFCs rated for He or
1375 sccm for air or N₂. Minimum pressure is 2% of maximum
MFC Max Voltage: 5 V
MFC Max Pressure: 150 psig
MFC Pressure Drop: 10 to 40 psid
DIN Rail: 35 mm x 7.5 mm
WAGO Power Rating: 450 V / 32 A @ 24-12 gauge wire
Overall Power Requirement: 120 VDC
Dimensions: 16” x 12” x 14”

WAGO Holder

We utilize LabView, a computer program, to control the different elements of the system. We can
control the mass flow controllers and solenoid valves and output a Pressure vs Voltage graph. This
indicates the effect of ramping pressure solely with the MFCs, versus utilizing the solenoid valves to
get a faster change in flowrate. This is possible because when the MFCs are not needed, they are
outputting to exhaust. Once the solenoid valve is energized, it flips. The MFC adjusts its flow by itself
to achieve the desired output flow over a longer period of time.
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Laminar Flow Element

To measure the gas flow rate after the solenoid
valves, we used a laminar flow element and
pressure transducer to accurately measure the gas
flow at that point. The velocity of the gas was
found by the equation:

𝑅𝑒 =

𝑉𝐷
𝑣

(1)

𝑅𝑒: Reynold’s Number
𝑉: Velocity of the gas
𝐷: Diameter of pipe
𝑣: Viscosity of gas
Because the value of Reynold’s number was less
than 2300, we considered the flow to be laminar.

Conclusion
Through many iterations and modifications, we achieved successful creation of an apparatus to
model the chemical oxidation and reduction steps of Cobalt Oxide. We present the results of our
experiments used to verify control of the gas delivery elements of the apparatus, including the mass
flow controllers, solenoid valves, and flow measurement system.
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